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by Robert Reed 


Building a Pulse Generator 


Design, Troubleshoot, and Calibrate Electronic Circuits 


do), you will find this instrument handy for design, 

troubleshooting, and calibration of electronic cit- 
cuits. Although | own a somewhat expensive commer- 
cial function generator, I find that this pulse generator is 
the one | reach for most of the time. The generator is 
fairly easy to build and uses a straightforward design. 
It requires six integrated circuits and two transistors. 
In addition, you will need a power supply of 15 volts at 
200 mA. 

You may build this unit as shown or add/delete stages 
if you prefer something more customized for your needs. 
In two years of use, I have not felt any need to change the 
design, as it has worked well under all situations. 

Thoused this unit in a 7 x 4 x 5-inch box. If you build 
it exactly as shown, do not use a box any smaller than 
this, as you will be crowding the front panel controls. 
Before we get into the construction, I feel that a des: 
tion of the theory of operation is in order. 


[ work with digital and logic circuits (and we all 


Referring to the schematic (Figure 1), the heart of the 
unit is the U4 rate generator and the (I3B width generator. 
The U4 multivibrator rate is set in six steps by capacitor 
selection of Séa, S6b. 

This, in turn, is varied by potentiometer P2 to give 
complete coverage between bands. The RATE change 
is two microseconds to one second continuous with RO 
and P2 values giving an approximate 10 percent over- 
lap between ranges. The squarewave output is sent 
through U5a,b (AND gate), which provides buffering to 
Ud. One gate sends the signal to J3 (internal trigger 
out). The other gate sends the signal to U2b-P5, which 
isolates the various inputs from each other by an OR 
gate function. 

The positive edge from the output of U2b triggers 
the width generator, U3b. Incidentally, all of these cir- 
cuits are positive-edge triggered, U3b is a monostable 
multivibrator, and its output width is determined by 
capacitor selection via S7a, S7b. As in U4, itis varied by 
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potentiometer P3 (also providing a 10 percent overlap) 
to provide continuous converge from one microsecond 
to 100 milliseconds in width. The output of U3b is sent 
through U2c to the base of Q1. In conjunction with S4, 
U5c and d provide the option of positive- or negative 
going pulses (Q or Q not). 

The pulse level at this point is 15 volts peak, and 
the job of emitter follower QI is to drive the pulse-evel 
control P4 and the translator circuit R14, R15 to operate 
TTL level U6 for the rapid rise and fall times required by 
this family of circuits. 

From the output of the pulse-level control, the pulse 
is sent to Q2 via R16, Q2 is a current amplifier to drive 
very low impedance loads. Its output impedance is on 
the order of 10 ohms and will easily drive 50-ohm loads 
at five-volt logic levels. 

The main output at J4 is AC or DC coupled, as 
selected by $5. The output at this point is zero to 14 
volts, peak. R17 is a pull-down resistor to help speed 
up fall times. R16 was arbitrarily chosen to reduce 
overshoot and ringing. 

Switch $2 (run-stop) provides several options. In the 
run position, the U4 rate generator runs continuously and 
provides the trigger for U3b. In the stop position, U3b trig- 
gering can be any of the following: 


+ Externally triggered through J1 

+ Single shot triggered via S3 (single) — one pulse per 
depression 

+ Externally gated through J2 

+ Internally burst triggered via S1 (burst) — one burst per 
depression 


U1 and U2 are identical high-speed comparators and 
will accept any wave shape from DC to 1 MHz. Their input 
voltage range is from 1.3 to 15 volts, peak. The input 
impedances are one megohm. U3a is the burst length 
generator and will send out one group of pulses every 
time S1 is depressed. The actual amount of pulses is 
determined by the front panel control settings and the 
burstlength time chosen by potentiometer P1. In my unit, 
I chose a range of 0.1 to 20 milliseconds for this circuit. 
You can vary yours by changing the RC time constant of 
P1, C3. 

C1 and C2 provide a cheap means of debounce for 
the contacts of $1 and $3, respectively. The main output 
(J4) has a pulse rise time of 10 nanoseconds and is com- 
patible to complementary metal-oxide semiconductor 
(CMOS) or bipolar circuitry. The TTL output (J5) is com- 
patible for this type of circuitry, as mentioned previously. 
The features built into this generator have sufficed for all 
my needs. 

Now, on to construction. As | mentioned earlier, the 
box | used would be as small as you want to go. | even 
had to mount most of the power supply components on 
a back inside corner of it and mount the power-on switch 
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on the back of it. 1 am not going to dwell on power sup- 
ply construction, as you can use any configuration you 
like, even to the extent of incorporating a wall trans- 
former, if necessary. Just make sure that it will fulfill the 
circuit requirements of 18 to 22 volts and a minimum of 


Seetron Serial LCDs 


Interfaco a sharp LCD display to your BASIC Stamp® or other 
micro-controller project with ease, No-solder wiring harnesses 
and easy mounting kits available too, See www.seetron,com today. 


#32 14 in. supertwist LCD $45 
10/9600 baud serial rea 

+ Low (-2mA) current draw 

* Great with BASIC Stamps® 


2x2 in, backlit LCD $49 
+ 1200-9600 baud serial tna 
* Advanced protocol, 4 switch inputs 

+ EEPROM for configuration settings, 

* Favorite for OEM applications 


x14 in. graphies LOD $23, f 
+ 2400/9600 baud serial 
+ Pont-and 15 screens in EEPROM 


+ Easily draw points, lines, screens 


$119 


+3x2in. suportwist LCD $119. 


+ 1200-9600 hand serial 
+ HSD-protected, 4x4 keypad input 
* Store up to 95 screens in EEPROM 


Scott Edwards Electronics, Inc. 
1999 S. Frontage Rd. #F, Sierra Vista, AZ 85635 More displays available, 


phione 520-450-4802 « fx 520-459-0823 
www. seeiron,com sales @seetron.com 


including bright VFDs, 
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200 mA. 

I built the actual circuit on a perf board with traces 
that would accept dual inline package (DIP) sockets. | 
always use sockets in my projects for future modifica- 
tions or troubleshooting. This board was 3.25 x 5.5 inch- 
es and was laid out as shown in Figure 2. Almost all 


Microprocessor 
Hands-On Training 


he PRIMER Trainer is now New & Improved 
and even easier to use. The PRIMER is. 

aflexible instructional tool featured 

In Prentice Hall textbooks and used 

by colleges and universities 

around the world. Ruggedly 

designed to resist wear, the 

PRIMER supports several 

different programming 

languages. A comprehensive 

Self Instruction Manual and an 

Applications Manual provides 

lessons, theory, and sample code Kit starting 

for a number of Hands-On lab projects. at $120.00 uso 

» Scan Keypad Input & Write to a Display 

+ Detect Light Levels with a Photocell 

» Control Motor Speed using Back EMF 

» Design a Waveform Generator 

Measure Temperature 

» Program EPROMS: 

+ Bus Interface an 8255 PPI 

» Construct a Capacitance Meter 

+ Intorface and Control Stopper Motors 

» Design a DIMF Autodialer / Controller 

+ Programming a Reaction Time Tester 


ae eMac. inc. 


Phone 618-529-4525 Fax 618-457-0110 


Primer 
Traini 


Application 
Projects 
Include: 
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of the components were installed on the board with 
the exception of C5 through C15, which | will address 
shortly. 

2 was chosen for its high-speed operation and 
power handling ability. Most high-speed switching tran- 
sistors will work fine, and even the lowly 2N3904 per- 
formed satisfactorily in this circuit. C16 should be 
mounted close to this collector. No circuit layout prob- 
lems were encountered in this construction, even with 
the front panel wires grouped and laced. J1, J2, and J3 
are all accessible through a cutout in the back wall of 
the housing, 

As for the timing capacitors, C5 through C15, I 
elected to mount these between the decks of rotary 
switches $6 and $7. When the associated variable con- 
trols (P2 and P3) are in their calibrated position (fully 
counterclockwise), the rates and widths will be as 
marked on the front panel switch positions. These are 
as follows: 


RATE: 
21sec, 10 klsec, 100 kisec, 1 msec, 10 msec, 100 msec 


WIDTH: 
1 psec, 10 sec, 100 t1sec, 1 msec, 10 msec 


The variable controls will take you from one range up 
to the next, with a 10 percent overlap to ensure complete 
coverage. In the calibrate position, accuracy will depend 
on how close the capacitor values are to the required 
values. 

On some ranges, I nailed it on the first capacitor 
picked. On others, | had to sneak up on it with two capac- 
itors (one large, one small). I aimed for one-percent accu- 
racy on all ranges, and it was not difficult to obtain this. 
There is no point in trying for greater accuracy than this, 
as capacitor stability will not guarantee the timing will 
remain that stable. If you want greater stability and accu- 
racy, you will have to use expensive polystyrene or similar 
capacitors. 

These extreme accuracies are really not necessary, as 
you will usually be using this unit in conjunction with other 
test equipment (scopes, etc.) for cross-checking. The 
parts list shows the target values of capacitors C5 through 
C15. These values may vary in your particular circuit, but 
offer a close starting point. 

Also, the potentiometers (P2 and P3) can be shunted 
with high-value resistors to slightly alter their values and 
bring the low-end timing (P2 and P3, fully clockwise) 
more in line with the expected rates and widths at these 
points. The important function in these two circuits is not 
so much that you have front panel accuracy, but rather 
that you have complete coverage across the switched 
bands. 

The actual output drive current that the generator will 
produce depends on transistor Q2 and the duty cycle (per- 
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Building a Pulse Generato) 


centage of time that Q2 remains at a high-level volt- 
age). For the transistor shown, it will deliver 500 mA 
at a 10 percent duty cycle with no degradation in 
pulse specs. For an example, a 2N3904 would deliv- 
er 100 mA under the same conditions. 

For U6 (CMOS to TTL translator), I used a hex 
inverter only because it was handy. Any TTL gate 
configuration is suitable; just make sure the output 
remains non-inverted with respect to the input. 

pon completion, if you encounter problems, 
start by checking the power supply sources (+15 
and +5 volts). Then look at rate generator U4 to 
make sure it is running. U4 will run when U2a-P9 
is positive and stop when it’s negative. Beyond 
the generator and due to circuit simplicity, you can 


Figure 4, The power switch is located on the back of the case. 


go stage by stage using standard troubleshooting 
techniques. 

When you finish this project, you will have a source of 
pulse generation capable of a wide range of outputs: 


Rate — continuously variable from two microseconds to 
‘one second 


Width — continuously variable from one microsecond to 
one millisecond 


The PicoScope 3000 series oscilloscopes are the latest 
offerings fram the market leader in PC ascilloscopes 
combining high bandwidths with large buffer memories. 
Using the latest advances in electronics, the 
oscilloscopes connect to tho USB port of any madern PC, 
making full use of the PCs’ processing capabilities, 

large screens and familiar graphical user interfaces. 


+ High performance: 10GS/s-sampling rate 
& 200MHz bandwidth 

+ 1MB buffer memory 

+ High speed USB 2.0 interface 

+ Advanced display & trigger modes 

+ Compact & portable 

+ Supplied with PicoScope & PicoLog software 


Tel: 585 385 1750 
www.picotech.com/scope259 
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Trigger — continuous, single burst, internal or external 


Output — adequate drive for virtually any circuitry (zero to 
14 volts, peak) 


Personally, this was an interesting and fun project to 
build and has proved to be an essential piece of gear to my 
test bench. Take your time building this, do a professional 
job, and you will be as satisfied as | am. 


PicoScope 3000 Series 
PC Oscilloscopes- 
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